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FronTIspiECE—Aerial view looking southward and
downstream. The scene is typical of present condi-
tions. Nearly all of the flow of the Colorado River at
this point is diverted by the intake structure of the
Alamo Canal (shown in the lower right foreground).
Picture was tzken on September 28, 1962.
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INTRODUCTION

The purposes of this report are to outline briefly the overall problem of water
quality in the Lower Colorado River area, to describe the physical situation along
the lower main river as to diversions, wastes and return flows, to present surnmaries
of data on Aows and mineral contents, and to discuss in some detall the recent inter-
national situation berween the United States and Mexico regarding the quality of the
water Jdelivered to the Mexican boundary under the terms of the Mexican Water
Treary of 1944. The report concentrates primarly on this international problem
because it is acutely symptomatic of the potential problems that may arise in the future
among different interests in the United States portion of the Colorado River Basin.
Appendixes of detailed statistical information and extracts from offictal documents are
available upon request.

It has long been recognized that the problem of water quality is inter-related with
and cqual in importance to the problem of water quantity in the planning and develop-
ment of the water resources of a river basin. The problem of the chemical quality of
the water is of particular significance in the Colorado River Basin because of the
geographic and legal situation and because of the inability of the dependable water
supply of the river to meet all existing and potential demands upon that supply. The
main river is nearly 1,400 miles long and offers innumerable opportunities for the
diversion and use of water and return of excess diversions and drainage which increase
the mineral content of the flow of the stream.

Colorado River becomes progressively saltier as it makes it journey from the head-
waters to the international boundary berween the United Srates and Mexico. The
accompanying chart, Plate 1, shows that the mineral content, expressed as the average
for the latest five-year period of complete published data for all sampling points,
1933-57, increases progressively downstream from about 90 parts per million near the
headwaters to more than 800 parts per million in the lower reaches of the river.

The lower river probably will become more saline in the future as upstream irriga-
tion acrivities increase. Many authorized projects in the Upper Basin remain to be
constructed, and many existing projects are not yet fully developed. Increased con-
sumptive use of the waters of the Colorado River and its triburaries in the Upper
Basin, particularly the relatively pure water of the headwater streams, will result in
higher concentrations of mineral salts in the residual flow downstream. It has been
cstimated that under furure conditions the total dissolved solids ar Imperial Dam may
be as much as 1,150 parts per million, or about a 50 percent increase over recent past
conditions. The anticipated result will be a need for a greater quantity of water to
irrigate the same unit of land in the lower river area. Because of the increase in mineral
content, more water will be required for leaching purposes and to mainrain favorable
salt halance in the irrigated areas. This problem concerns water users throughout the
basin, bur especially those in the Lower Basin states. If the people of the basin states
and the Congress are to act intelligently in planning further development of the river,
they must have complete information on a number of verv important questions relating
to the qualitv of the water of the river system.

[7]
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A case in point is the controversy with Mexico which arose in the late fall of 1961
when the mineral content of the water arriving at the international boundarv rose
markedly as compared with the mineral content during the preceding summer months
and as compared with the mineral content in the winter months of PIevious yvears.
Whether the increased salinitv caused the crop damage claimed by Mexican interests
cannot be determined from facts available. It is known that the concentration of dis-
solved solids in parts per million increased from abour 1,100 in March 1961 to about
2,700 during parts of November and December 1961. This relatively sudden and
marked increase in salinity of the river water was caused by a combination of factors
—munimum releases from upstream storage under a tight operation schedule, reduction
of delivery orders by Mexico to the minimum rate permitted by the Treaty and the
operation of a recently completed major pump drainage system in the Wellton-
Alohawk unit of the Gila Project, east of Yuma, Arizona. Drainage water from the
Wellton-Mohawk unit carries 6,000 to 6,500 parts per million (ppm) or as much as
nine tons of dissolved solids per acre-foot of water.

Plate No. 2 depicts recent variations in flow and quality of the Colorado River at
Cibola Valley, 38 miles upstream from Imperial Dam, and at the northerly international
boundary; and of the Wellton-Mohawk drainage. It will be noted that during late
November and earlv December 1961, when the Wellron-A {ohawk Drainage Channel
was not in operation, the amount of total dissolved solids at the northerlv boundary
was appreciably reduced.

"The operation of this drainage system triggered considerable agitation in the Mexicali
Valley in Mexico. Farmers of Mexicali Valley complained to their government that
the warter they were receiving was unfit to use. Protests vwere lodged with the United
Stares State Department and notes were exchanged berween the two governments.

HISTORIC CHANGES IN RIVER REGIMEN

For abour the first third of this cenrury, 1900-1934, representing the initial era of
intensive irrigation development in the Yuma area, the lower Colorado River flucruated
from a turbulent muddy torrent with some disastrously high peak flows during fAood
seasons to a mildly flowing stream of insufficient supply in dry seasons. Prior to com-
pletion of Hoover Dam and the All-American Canal, there were constant operation
and irrigation difficulties owing to recurring floods and periods of drought. The
extremes of these conditions were the 1905 flood when control of the river was lost
and Salton Sea was created; and the drought of 1934 which ironically occurred just
one vear before storage was available at Hoover Dam. Recorded maximum and mini-
mum flows ar Yuma above the point where Imperial Valley was diverting were
250,000 cubic feet per second (cfs) and 18 cfs respectively, Over the vears, as deple-
tions upstream increased, the flow in the river gradually lessened and the salt content
gradually increased.

From 1904 to 1942 the water supply to Imperial and Mexicali V alleys was conveyed
by the old Alamo Canal and shared by the United States and Mexico. The quality
of the warter during this period was identical for the irrigated areas on both sides of
the border.

With closure of Hoover Dam in 1935 the lower river underwent an abrupt change
in regimen. For the next quarter century, 1936-61, it was a controlled river with no
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daniaging flood waters or excessively low flows. This change in regimen was of great
benefit to Mexican as well as American water users. Near the end of the period,
upstream developments had reached the stage at which much of the dependable warer
supply was committed and the flow at the boundary appreciably reduced. The increase
in salt content in this period was more perceptible than formerly, partcularly berween
1955 and 1961 when a prolonged drought in the basin curtailed the flow.

Opcration under the Mexican Water Treaty benefited Mexico not only by guaran-
teeing a specific minimum annual quantity of water at the border but also by delivering
the waters, in the words of the then Boundary and Water Commissioner for Mexico,
“regulated by the American works, and at the appropriate time for their application
to the lands.”



TREATY AND COMPACT INTERPRETATION

The problem of the chemical quality of the water in Colorado River at the Mexican
boundary is particularly vexing because of the failure of the 1944 Treaty to cover ex-
plicitly the matter of water quality. Although the Treaty by its terms guaranteed to
Mexico a minimum annual delivery of 1.5 million acre-feet of water from the Colorado
River System it did not expressly state whether there was to be any guarantee as to
quality. United States negotiators in Senate committee hearings testified that Mexico
was to accept any water delivered according to Treaty schedule regardless of source or
quality. Mexican negotiators on the other hand assured their government that Mexico
was to receive water as good as the supply delivered to United States projects along
the lower river. California and Nevada officially opposed the terms of the Treaty and
warned that because of the water quality problem, among others, there would be
trouble ahead.

Article 10, Section III of the Treaty reads:

“Of the waters of the Colorado River, from any and all sources, there are allotted to
Mexico. . . " (Emphasis supplied.)

and Arucle 11 (a):

“The United States shall deliver all waters alloreed to Mexico wherever these waters may
arrive in the bed of the limitrophe section of the Colorado River . . . Such waters shall
be made up of the waters of the said river, whatever their origin, . . ' (Emphasis added.)

The Colorado River Board of California on February 23, 1943, recommended to the
Senate Committee on Foreign Relations, which was conducting the Treaty ratification
hearings:

“That there be an express declaration that the quality of the waters to be delivered to
Mexico is not guaranteed but that Mexico agrees to accept, regardless of quality, as part
of the waters allotted to her under the treaty, any waters reaching the international
boundary.

. . . Whether the treaty requires Mexico to sceept Colorado River water, regardless
of qualicy, was a guestion on which witnesses most positively and emphatically differed.
Hence, the treaty provisions are not stated with certainty. Controversy is sure to arise
when development in the United States relegates most of Mexico’s quora to the class of
highly saline return flow, To deal fairly with Mexico, and avoid bitter controversies, the
interpretation insisted upon by American negotiators must be made clear beyond all ques-
tion by adding the words ‘regardless of quality’. (Emphasis added.) Hearings Before the
Conmmittee on the Treaty awith Mexico Relating to the Utilization of the Waters of Cer-
tain Rivers, 79th Cong., 1st Sess., pt. 5, at 1791-92 (1943).

Throughout the 1,800 pages of the hearings on the ratification of the Mexican Water
Treaty, California’s Senator Sheridan Downey made repeated but unsuccessful attempts
to insert those crucial words, “regardless of quality.”

Despite California’s protests the American negotiators, in their testimonies before
the Senate Committee on Foreign Relations, were adamant in their assertions that the
language of the Treaty was plain and that the Mexicans clearly understood that quality
was not guaranteed. These views apparently were not shared by the Mexican negotiators.
Six months after the United States Senate hearings a Mexican engineer who was a

[10]
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participant in the negotiation of the Treaty was quoted in the Mexican press that the
water to be delivered must be of good quality and fit for irrigation purposes. It is
abundantly clear today that the Mexicans feel there is an obligation under the Treaty
for the United States to deliver usable water.

Thus, the present concroversy arises against a background of a lack of murtual assent
on the quality of water to be delivered under the provisions of the Mexican Water
Treary, and for that reason the current problem has many facets:

1. Has the United States any legal obligation to resolve the problem?

3. 1f not, has the United States nevertheless a moral obligation as a matter of inter-
national comity?

I the United States does have a legal obligation, what physical solution to the
problem can be devised with the minimum detrimental effects upon United
States projects?

4. 1f there is no legal obligation, can a physical solution be attained without implying

such legal obligation and without serting a precedent damaging to the rights of

the Colorado River Basin states under the Treaty?

5. If, as some have suggested, facilities were constructed to permit bypassing the
more saline drainage waters below Morelos Dam, the Mexican diversion structure,
should the water so bypassed still be considered as part of the scheduled delivery
to Mexico under the Treaty?

ad

Corollary questions include:

6. What effect would the bypassing of the Wellton-Mohawk drainage have in regard
to the provision in the 1947 Gila Project Reauthorization Act that the Wellton-
Mohawlk Division be limited to 300,000 acre-feet a year of beneficial consumptive
usc of water diverted from the Colorado River?

7. \What obligation does the Gila Project or the Wellton-Mohawk unit thereof have
to alleviate the situation? Is the drainage operation of the Wellron-Mohawk unit
to be considered fair and reasonable in domestic or international law?

The Colorado River Basin states and the United States government appear to be
unanimous in the position that the United States has no legal obligation under the
I reary and that nothing should be done which would involve any modification of the
terus and conditions of the Treaty. They appear to agree however, that the United
States in recognition of its good neighbor policy should do something as a palliative
1o the situation, within the limits of the Treaty. It is essential to observe Treaty provi-
sions for the amount of water to be delivered to Mexico because the Colorado River flow
already is fully committed for existing, authorized and proposed projects and it is
not possible to give additional water supplies to Mexico without depriving American
citizens of water urgently needed for domestic, industrial and agricultural purposes.

The Colorado River Compact provides in Article VIIT that “present perfected rights
to the heneficial use of water are unimpaired by this Compact.” California has long
contended that “unimpaired” applies to quality as well as to guantity. Repeatedly
California spokesmen have expressed concern as to the effect of existing and proposed
developments in the Upper Basin on the guality of water available to the Lower Basin,
and have urged that investigations be completed to determine those effects.



LOWER BASIN PROJECTS

Major United States projects divert and use water from the main Colorado River in
the reach between Lake Mead and the international boundary. In geographic groups
these are (a) those diverting above Imperial Dam: The Metropolitan Water District
of Southern California; the Colorado River Indian Reservation in Arizona; the Palo
Verde Irrigation District, California; and (b) those diverting at Immperial Dam: the
Imperial Irrigaton District and the Coachella Valley County Water District in Cali-
fornia; the Reservation Division of the Yuma Project in California; the Valley Division
of the Yuma Project in Arizona; the Gila Project in Arizona; and the City of Yuma,
Arizona. (See Plates 3, 4 and 5.) Several small areas in Arizona outside the (Gila and
Yuma Projects are served by the Gila Project Canal, including the Yuma Auxiliary
Project of about 3,300 acres. In addition, a number of small, unauthorized and un-
measured diversions are scattered along the river.

Gross diversions in calendar year 1961, including rediversion of return flows, totaled
about 7.3 million acre-feet as compared to a release from Lake Mead in the same year
of about 8.6 million acre-feet. Gross and net diversions of the major entities during
calendar year 1961 are shown in the following rable.

Unit—1,000 acre-feet
Gross Measured  Net

Project diversion return  diversion
Metropolitan Water District, California 1,102 11 1,001
Colorade River Indian Reservation, Arizona 437 267 170
Palo Verde Irrigation District, California 935 558 380
Imperial Irrigation District, California 3,036 0 3,036
Coachella Valley County Water Distriet, California 522 o 522
Yuma Project, Reservation Division, California = 91 51 40
Yuma Project, Valley Division, Arizona 353 17 182
Giia Gravity Main Canal, Arizona 818 192 626

Total 7,294 1,247 6,047

For the past two years nearly all the flow in the river at Imperial Dam has been
diverted at the dam. Only seepage and sluicing waters to clear the channel of sediment
have been flowing down the riverbed. Some of the water diverred on the California
side into the All-American Canal returns to the river at the Siphon Drop Power Plant
and the Pilot Knob Power Plant. The discharges from the power plants flow on into
Mexico to the Morelos diversion dam and are of the same quality as the water being
delivered to American projects. Water diverted on the Arizona side of the river flows
in the (zila Gravity Main Canal to several units in the (ila Project, Arizona, and the
relatively small miscellaneous acreages outside the Gila and Yuma Projeces.

CALIFORNIA PROJECTS

(Gross area in parentheses)
Metropolitun Water District (4,000 square miles)
The District diverts water from Havasu Lake above Parker Dam, which is 175 miles
above the northerly international boundary, through the 240-mile Colorado River

[r2]
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Aqueduct to serve supplemental water for municipal and industrial use to eight million
people on the coastal plain of Southern California. Annual capacity of the agueduct is
1,212,000 acre-feet. Return flow to the river is negligible.

Palo Verde Irrigation District (120,500 acres)

About 75,000 acres of the Palo Verde District are developed and under irrigation.
The Palo Verde diversion dam 1s 118 miles above the northerly boundary. Drainage
re-cnters the river in a main drain ac the lower end of the project, about 50 miles above
Imperial Dam, and by unmeasured underground seepage.

Imperial Irrigation District (1,000,000 acres)

I'here are 745,000 net irrigable acres of land within the service area of the District in
addition to cides, towns, etc. The net acreage irrigated increased from zero in 1900 to
141,030 m 1908 and 436,000 in 1961. By 1961 over 280,000 acres of farmland had
been provided with underground tile drainage and about 1,400 miles of outler drain
ditches had been constructed. All the drainage return from Imperial Valley flows into
Satron Sca, along with a recently increasing amount of drainage and domestic sewage
from Mexicali Valley.

Coachella Valley County Water District (137,900 acres)

Warter distribution facilities have been completed for 74,500 acres in Coachella
Valley. About 50,000 acres are presently irrigated. An extensive tile and ditch drainage
sysrem has been constructed and all the return flows enter Salton Sea.

Yuma Projeci, Reservation Division (25,000 acres)

I he California part of the Yuma Project is north of and acress the Colorado River
from Yuma, Arizona. About 16,000 acres are within the service area of the water dis-
triburion system. The irrigated area has been consistently about 10,000 acres since 1921.
W ater was first delivered m 1910, from Laguna Dam, and now is diverted at Imperial
Dam via the All-American Canal.

Prainage from the Division is discharged into the Colorado River by the Reservation
M Drain and the Araz Drain, which also collect seepage water from the All-
Amcrican Canal.

ARIZONA PROJECTS
Colorado River Indian Reservation {100,000 acres)

About a third of the gross area is under irrigation. Diversion is at Headgate Rock
Dam, 160 miles above the boundary. Drainage returns to the river at the lower end
of the area, 118 miles above Imperial Dam, and by unmeasured underground seepage.

Yuma Project, Valley Division (50,000 acres)

1 he area irrgated has been consistently more than 40,000 acres since 1918. Water is
diverred ac the California side of Imperial Dam and conveyed by the All-American
Canal ro the Yuma Main Canal which passes under the Colorado River in a siphon to
the Arizona side, where it divides into the East and West Main Canals. Three spillways
from the West Main Canal discharge into the limitrophe section of Colorado River,
the reach berween the upper and lower Mexican boundaries. Waste from the East
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vl Main Canal crosses the land boundary into Sonora. Soil drainage is accomplished by
A wells and 2 main drain, and the effluent is pumped across the southerly international
boundary into Mexico at San Luis. Since mid-1956, the flows crossing the land bound-
ary have been accepted by Mexico in partial satisfaction of the Treaty delivery obliga-
tion of the United States.

TN

Gila Project
‘ First authorized in 1937 and reauthorized in 1947 with a change in area, the Gila
f Project now consists of four units—the Weliton-Mohawk Irrigation and Drainage
- District, the North Gila Valley Irrigation District, the Yuma Irrigation District (South
Gila Valley) and the Yuma Mesa Irrigation and Drainage District. All are now or soon
will be served by the Gila Gravity Main Canal heading at Imperial Dam. The canal
extends southward from the dam, passes under the (Gila River in a siphon, and then
branches into two directions, one castward to the Wellton-Mohawk area, the other
7 southward to Yuma Mesa. The south branch also serves the Yuma Auxiliary Project
' and miscellaneous areas. (See map, plate 5.)

‘ North Gila Valley Irrigation District (7,000 acres ). Diversions from the mainstream
I at Laguna Dam began soon after the construction of the dam in 1909. The North Gila
Valley Irrigation District was organized in 1919. Since 1955 about 6,300 acres have
been irrigated annually and all deliveries have been made from Imperial Dam through
a turnout on the Gila Gravity Main Canal.
. Surplus diversions are returned in three wasteways, two discharging into the Colo-
T rado River and one into the Gila River. Several relatively small surface drains discharge
' into the Colorado River.

Yuma Mesa Irrigation and Drainage District (20,000 acres).  This unit 1s on 2 mesa
1 adjacent to and overlooking Yuma and South (Gila Valleys. Presently about 16,000 acres
,J are irrigated. There are no measurable quantities of surface return flow from this unit
' or the adjacent Yuma Auxiliary Project. However, excess water applied and seeping
s past the plant root zone is asserted to be the cause of rising ground water tables and
aggravation of drainage problems in Yuma and South Gila Valleys. There is evidence
that some water escapes underground to Mexico.
|
E

Yusma Irrigation District—South Gila Valley Unit (10,000 acres). Until now this
fully developed unit of the Gila Project has been dependent on ground water as a source
of supply, but a recent contract with the Bureau of Reclamation for the delivery of 130
ofs of water from the Gila Gravity Main Canal will permit surface water irrigation of
-1, 8,770 acres of land. The remaining portion will continue to be supplied with ground
. | water.

“In recent years, the Valley has been plagued with high ground water table. An open
drain was constructed along the toe of the mesa discharging into the Colorado River
and nine drainage wells, with pumps of 10 cfs capacity each, discharge by outlet
1. channels into the Gila River. The pump drainage outlet channel last built started opera-
il tion on January 12, 1962.
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Wellton-Mobawk Irrigation and Drainage District (75,000 acres}). This unit of
the Gila Projecy, the largest single irrigation development in the Yuma area, lies along
buth sides of the Gila River east of Yuma in a relatvely narrow strip abour 50 miles
long with a maximum width of about 6 miles.

Irrigation in the Wellton-Mohawk area began before the turn of the 20th cen-
tury with surface diversions from the Gila River. In the 1920's wells were drilled to
supply 9,000 acres with water from underflow of the river. Construction of upstream
storage dams and extensive development of the Phoenix area, including massive exploita-
tion of the ground water basins, practically eliminated the Gila River underflow in the
Wellton-Mohawk area. By 1946, water from some of the wells carried nearly half as
much mineral content as sea water. The overall poor quality of the water brought
abour abandonment of many farms and reduced the active lands to about 6,000 acres
of salt-tolerant crops.

In 1952 the Bureau of Reclamanon completed the (iila Project works to bring an
ample supply of better water from the Colorado River into the area. More than 50,000
aeres are now irrigated in the Wellton-Mohawk unit. However, adequate drainage facil-
ities were not provided in the original construction of the project and the water which
Iowghe its blessings also brought a curse in the form of a rising ground water rable.
in 1959 the first of 70 drainage wells were installed in an attempt to alleviate the
waterlopeing of farmlands. For several months the wells discharged into the nearest
points in the bed of the Gila River, but in 1961, a convevance channel more than 50
miles fong and of about 300 cfs capacity was completed to carry the effluent into the
Ciila River near its confluence with the Colorado River. The photographs on the next
page showing flows of about 285 cfs were taken on June 13, 1962.

The wells are said to be working effectively, not only to arrest the spread of the
dimage caused by high water table, but to make possible the reclamation of lands
which had gone our of production. Ironically, this curative measure has proved to be
s semnnee of distress to others—the City of Yuma and the Mexican users of Colorado
aver water,

City of Yuma

Fhie city, which formerly received its water supply from the Colorade below the
menith of the Gila River, was the first major user to be adversely affected by the
returny Hlows {rom Wellton-Mohawlk. Degradation of quality was noticeable as early
as Scpreniher 1960, By permission of the Yuma County Water Users Association the
Arizona Warer Company, which furnishes water to the City of Yuma, began diverting
a third of the cirv’s requirements from the Yuma Main Canal which carries water
nhenticad in quality ro that in the Colorado at Imperial Dam. Since February 1962, the
company, under 4 two-vear contract with the Association has pumped its entire supply
Jrom the canal. A 1959 contract between the city and the Secrerary of Interior provides
b delivery of the water immediately below Imperial Dam. This point of delivery is
aluast 18 miles upseream from the mouth of the Gila.
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WELLTON-MOHAWK MAIN DRAINAGE
CONVEYANCE CHANNEL

Dissipation Works At Terminus of Lined Portion of Channel.

e ek AGINEN

Discharge of the Channe! Into the Gila River.



MEXICALI VALLEY

1 he history of irrigation in Mexicali Valley is contemporaneous with that of the
haperial Valley. The right to divert up to one-half the water flowing in the Alamo
(anal was reserved to irrigate Mexican lands in return for the concession by the
Mexican Government to predecessors of the Imperial Irrigation District of the right
to convey Colorado River water in the canal through Mexican terntory. In 1920,
220,000 acres were irrigated in Mexico and in 1942, at the completion of the All-
Amcrican Canal, 260,000 acres. Ratification of the 1944 Treaty, with its guarantee of
mininium annual quantities of warter at regulated rates resulted in a large increase in
rigated acreage; 1t reached 2 maximum of more than 500,000 acres in 1957, and is
reported to be 410,000 acres n 1962

Witer for irrigation of the land west of the Colorado River is diverted from the
rver at Morelos Dam a mile below the California-Mexican boundary and conveved
through the Alamo Canal and branches thereof. In addicion, about 500,000 acre-feet
4 v ear of ground water is pumped into the canals from wells in the eastern portion of
i ares. Mineral content of the ground water is said to average abour 1,400 ppm.

W aste and drainage water from the Yuma Valley Project is taken across the land
boundary at San Luis into a canal system which serves lands in Sonora, east of the
{ vlotado River. In addition a number of diversions are made by pumping directly
fromn the river. T is reported thar all but one of these pumped diversions will be replaced
upum completion of a siphon now under construction to convey water from the Alamo
Canal under the river to the east side.

Substaneial quantities of waste water from the Alamo Canal and drainage and domes-
i sewage from Mexicali Vallev re-enter the United States in the channels of the New
and Alamo Rivers. Little adequate drainage has been provided in the Valley however.

Fhe soils are generally tight and because of the lack of adequate drainage the salts in
the nrigation water have accumulated in the soils to the extent that serious problems of
soil salinirv exist in many parts of the Valley. Thus the problem in the Mexicali Valley
has boen building up over the pase half century by failure to achieve a favorable sale
Ialance in the soils. The beginning of the highly salinized outflow from the Wellton-
Molhaw k arca has simply aggravated the problem into an acute status.

( rops grown in Mexicali Vallev are largely cotton and winter wheat. In 1961 over
70 pereent of the crop land was planted to cotton. For this reason, and because the
water requirement of winter wheat is comparatively small, the demand for water for
tgration is high in the summer and relacively low in the winter.

[17]
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NEED FOR PROPER IRRIGATION AND
DRAINAGE PRACTICES

Success in the raising of irrigated crops rests to no inconsiderable degree upon
leaching of the soil, tolerance of the planted crop to salt, drainage of the soil and proper
management practices. Of these, drainage is 4 highly significant facror. Cultivated crops
use only negligible amounts of nutrient salts. Generally speaking commercial crops
are not tolerant of heavy concentrations of dissolved minerals either in the soils or in
the irrigation water. For these reasons it is essential to successful irrigated agriculoure
that in the beginning any excess amount of salts in the natural soil be leached out and
that thereafter a favorable salt balance be maintained by carrying away from the area
at least the same amount of dissolved rmineral content that is brought in by the apphied
irrigation water. This is accomplished by applying enough water to carry the unused
calts into the soil below the plant root zone and into a drainage svstem which will
collect and convey it to a disposal area or stream. :

Since different species of cultivated plants differ widely in salt tolerance, and since
soil characteristics and other pertinent factors differ widely, standards for the chemical
quality of irrigation waters cannot be absolute. Standards established therefore gencrally
cover a reasonable latirade depending not only upon the factors mentioned above, but
upon the relative proportions of the various constituents of the chemical content of
the irrigation water. Water used in some places and under some circumstances is con-
sidered unusable in others. For example, although the Mexican farmers complained in
December 1961 that waters containing 2,700 ppm of dissolved solids were useless to
them, farmers in several locations in southwestern United States customarily and satis-
factorily irrigate crops with water containing more than 4,000 ppm of dissolved sohds.
Water with mineral contents as high as 6,000 ppm has been used for years in irrigation
of lands near Gillespie Dam, on the Gila River berween the Phoenix area and the
Wellton-Mohawk area.

The following approximate limits of use of irrigation waters are derived from broad
classifications given in United States Department of Agriculture Handbook No. 60,
“Diagnosis and Improvement of Saline and Alkaline Soils,” issued in February 1954:

Low salinity water (60 to 150 ppm) can be used for irrigation of most crops
on most soils with lictle likelihood that soil salinity will develop.

Medium calinity water (150 to 450 ppm) can be used with a moderate amount
of leaching. Plants with moderate salt rolerance can be grown in most places
without special practices for salinity control.

High salinity water (450 to 1,350 ppm) cannot be used on soils with restricted
drainage. Even with adequate drainage, special management for salinity control
may be required and plants with good salt tolerance should be selected.

Very high salinity water (1,350 to 3,000 ppm) is not suitable for irrigation
under ordinary conditions, but may be used occasionally under special circum-
stances. The soils must be permeable, drainage must be adequate, irrigation water
must be applied in excess to provide considerable leaching, and very sale-tolerant
crops should be selected.

[18]
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According to the handbook, study of more than 1,300 sources of irrigation water
indicares that less than 10 percent of the samples were in the very high salinity range
(1,350 to 3,000 ppm).

'I'he Imperial Irrigation District, California, provides a prime example of the profic-
able irrigation of fine-textured soils of poor natural drainage with water which on the
basis of dara in Handbook 60 is “high salinity water.” Records by the Imperial Irriga-
ton Districe, from 1944 through 1953, show a salt content of water in the All-American
(anal varying from about 680 to 860 ppm (0.93 to 1.17 tons per acre-foot of water).

Cicagraphically and geologically, the Imperial and Mexicali Valleys are one. Imperial
\ ulley farmers initially faced the same problems which now confront the Mexicans,
but the Imperial Valley farmers leached their soils and installed extensive drainage
[acilitics to avoid excessive salt accumulations.

I'he soil in Imperial Valley is complex, with no particular pattern or soil profile.
By 1922 substantial areas in the valley had gone out of production because of drainage
an salinity problems. Starting then, drain ditches and subsequently tile drains were
constructed and the systems have been extended every year. In the period of record,
since 1943, the sale content of the water discharged from the District into the Salton Sea
varicd from 2.03 to 3.42 tons per acre-foot. The gain in removal of salt from 1949 to
1935 inclusive was about 1% million tons.

In contrast, it is said that the struggle against soil salinity and alkalinity in the Mexicali
Vallev has alwavs been and sull 1s losing ground.

Authoritics state that even without the incidence of the Wellton-Mohawk drainage
channel cfuent, vsers in the Mexicali Vallev would still face a salinity problem because
of the fack of adequate drainage facilicies. The Mexicans themselves have recognized
that a part of the problem is actributable to the need for drainage and better irrigation
practices Nevertheless the Mexicali Valley farmers have overextended their irrigated
area b planting more acreage than can be irrigated and drained properly with the
avaalablc water supply.

It is reporred that although the Mexicali Valley now has about 900 miles of open
Jdinn dinches, it has need for ar least 900 miles more ditches and for extensive tile
dyammy of farmlands. No tile drains exist now, Also the water distribution system is
sand 10 he badly in need of rehabilitation and improvement to reduce the loss of water
11 wpage and non-beneficial plant groweh.



SOURCES OF WATER AND MINERALS AT
NORTHERLY INTERNATIONAL BOUNDARY

RIVER OPERATION

The 1944 Water Treaty which guarantees Mexico delivery of 2 inimum of 1,500,000
acre-feet of water 2 year, also specifies minimum rates at which the water cai be
ordered by Mexico. These are 1,500 cfs the summer and 900 cfs in the winter.
Qrders, submnitted 10 weekly schedules, can vary between these minima and 5,500 cfs
maximum. Any Watel arpiving at the horder in €XCess of the scheduled amounts is not
chargeable ander the Treaty. Tt was stated at the United Srates Senate COMIMITICE hear-
ings on the Treaty that the reason for the 900 cfs winter minimum i to provide that
cubstantially all the drainage water from the United States projects arriving in the
limitrophe section will be chargeable to Mexico under the Treaty. Recent experience
has indicated that the average winter Ieturns, leakage and minimum shaicing Waters
exceed 900 cfs by about 400 cfs. Only about 650 to 700 ofs of the 900 cfs minimum
are required at the qorcherly boundary to be available for Jiversion at Morelos Dam
into the Mexicali Valley because about 500 to 250 cfs of return fows appear in the
limitrophe section below Morelos Dam of Ar¢ pumped across the boundary near
San Luis from the rmain drain of the V alley Division of the Yuma Project in Arizona.
Scheduled deliveries to Mexico are regularly reduced in the fall of the year to about
900 cfs as the demand for irrigation water decreases, and customarily remain at or near
the miminum for the fve months, October through February, the winter season
defined in the Treaty.

The Bureau of Reclamation has the operational cask of insuring that Mexico receives
jts water at the specified time and place. In performing this rask, the Bureau inventories
the sources of water chat are available other ¢han releases from Storage dams. Among
these sources are Wasteway fAows, leakages from Imperial Dam, tributary flows such
as the Gila River, and rerurn flows from irrigation Projects.

Difficulties of river operation are NUMEIous, owing to the tme required for water
releases to travel the great distances from the upstream Storage reservoirs to Imperial
and Morelos Dams, rapid changes in the weather and the consequent effects on water
orders, unauchorized diversions and other factors. As a result, since operation under
che Treaty provisions began, Mexico has always received more water than was,ordered,
even in vears of low runoff and nught operation. For example, the average annual excess
deliverv for 1956, 1960 and 1961, years of stringently regulated supply in the Colorado
River Basin, was 475,000 acre-feet.

When the ccheduled deliveries to Mexico were reduced in the fall of 1961, the effec
of the W ellton-Mohawk drain water on the quality of the river flow at the northerly
boundary became moIc pronounced than before, and serious complaints were mad
by the water Users in Mexico. During part of December the Mexican farmers refuse
o use the water. In January 1962, Mexico increased 1t order above the minimum 1
order to Improve the water quality at Morelos Dam for jrrigation of winter whe:
with the understanding that summel deliveries would be reduced accordingly 1
March, as is customary, the orders were increased because of the advent of the cotto!

{20]
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growing scason. Monthly orders, actual arrivals and mineral content at the boundary
for October 1961 through Julv 1962 are as shown in the following table. The figures
mdicate how the salt concentration varied somewhat inversely as the variation in
monthly flow.

Total waters Colorado River at
emering Mexico * northerly boundary
Awerage total
Ordg;"j'} Florw, F[grw’ dissolved solids
Vianth avg. ¢fs  avg. cfi avg. ¢fs ppm tons/a.f.
Octuber 1961 oeeeeeearenememeee 200 1,209 964 2,480 3.37
November . . 900 1,188 062 2,360 3.2
December .. 900 1,540 1,320 2,070 2.82
January 1962 1,977 2,815 2,615 1,740 2.37
February .. 1,138 1,441 1,216 2,460 3.35
March 3,296 3,567 3,335 1,300 1.79
April L 3,487 3,624 3,387 1,310 1.79
May . oo 1,865 2,282 2,038 1,790 243
June . 2,731 2,809 2,586 1,470 2.01
July 3,316 3,433 3,216 1,270 1.73
* joehindes deliveries ar land boundary.
SALT LOADS

I'he Colorado River Aqueduct Project, one of the three projects diverting from the
nit ther benween Hoover and Imperial Dams, has no effect upon the quality of the
water in the river. There is only a small wasteway return from the diversion to the
Ayucduct. The other two projects, the Palo Verde Irrigation District and the Colorado
Ka ot Indian Reservation, rerurn substantial quantities of drainage to the river with an
average salt content of approximately twice that of the river. Whatever effect these
retnrns may have would be refiected equally on both American and Mexican projects.

I he nverage salinity content of the river below Hoover Dam for the 10-year period,
195160, was about 700 ppm (0.95 tons per acre-foot), whereas downstream at Imperial
Pam the content was 770 ppm (1.04 tons per acre-foot).

I drains in Imperial and Coachella Valleys discharge their return flows into Salton
Sea. Fxtensive and costly drainage systems cover nearly all the agricultural lands n
those twa vallevs and were constructed in time to prevent or overcome deleterious
aveumulation of sales in the soil. Salton Sea contains nearly 35,000 ppm of dissolved
soluds or about the same as ocean water. .

I cakages from Imperial Dam, and canal wastes below, carry about the same mineral
content as the water in the river at Imperial Dam, but the drainage returns from the
iigation projects inchuding the flow in the Gila River at its mouth are much more
salime than the river water. The Gila has not carried any natural flow at its mouth other
than local storm runoff since about 1941. Because of the heavy salt load added to the
tiver by the irrigation returns, the mineral content at the international boundary and
at Morchos Dam is considerably higher than the mineral content of the river at Imperial
Dam. particularlv in winter months when irrigation returns make up a major percentage
of the toral flow at the boundary. The average for the samples representative of the
qualty 1t Imperial Dam in the winter of 1961-62 was 844 ppm (1.15 tons per acre-
font) as compared to an average of 2,110 ppm (2.87 tons per acre-foot) for samples at
the northerly boundary.
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Sources and relative proportions of the total flow and salt Joad at the northerly
boundary in the period October 1961 through February 1962 are shown diagram-
matically on Plates 6 and 7 and quantitatively on the following table.

SOURCES OF WATER AND MINERALS

Colorado River at Northerly International Boundary *
October 1961 Through February 1962

Water Munerals
Percent of Percent of
total at toral at
Source Af.  boundary Tons  boundary
MEASURED DRAINAGE RETURNS
Wellron-Mohawk 80,510 18.9 661,030 541
Gila River 1,479 0.3 12,510 1.0
North Gila Valiey. 2,063 0.5 4,010 0.3
South Gila Valley 14,101 3.3 49,450 4.0
Subtotal Arizona 98,153 23.0 727,000 594
Yuma Reservation Division 18,558 4.3 26,160 22
Subtotal California 18,538 +.3 26,160 22
Total Arizona and California 116,711 27.3' 753,160 61.6
MEASURED WASTEWAY RETURNS
Imperial Dam release and seepage 104,462 243 117,000 8.6
Gila project 15,682 3.7 17,560 1.3
California wasteway (siphon drop)..oemiceeeee. 35,980 8.4 40,300 3.3
Pilot Knob —m 126,560  29.7 141,750 116
Total Arizona and California 282,684 663 316,610 26.0
UNMEASURED NET RETURNS
Imperial Dam to northerly boundary townrreeeeee 27,185 6.4 151,530 12.4
MEASURED NORTHERLY BOUNDARY ... 426,580 100 1,221,300 100

* Water available at Morelos Dam.
+ Northerly boundary less sum of all measured return.

The Reservation Division of the Yuma Project is the only project on the California
side below Imperial Dam which contributes drainage return to the river at the boundary.
The total quantity of rerurn in calendar year 1961 was about 51,600 acre-feet, or an
average of about 70 cfs. Quality samples indicated about 1,000 ppm, or about 1.4 tons
of toral dissolved solids per acre-foot. Annual discharge from the Reservation Division
including secpage from the All-American Canal picked up by the two drains const-
rutes only about 4 percent of the total annual return flow to the Colorado River berween
Imperial Dam and the northerly boundary. For the five months, October 1961 through
February 1962, the discharge from the Reservation Division drains was 4.3 percent of
of the total delivery at the boundary and carried 2.2 percent of the total salt load.

Drainage water from the Valley Division of the Yuma Project has in general about
rwice as much mineral content as the Colorado River at Imperial Dam. This water has
been used for irrigation for many years without complaint by farmers on the Senora
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aide of the Colorado River in Mexico. Records of Yuma Main Drain water guality have
huen kept by the Yuma County Water Users Association for about seven years, and
the concentration of salt has been relatively steady at about 1,700 ppm, or 2.3 tons of
total dissolved solids per acre-foot. The pumpage from the Yuma Main Drain at the
bowndary averaged about 185 cfs or a total of 133,600 acre-feet for calendar year 1961.

Dianage rerurn from the Gila Project constituted about 23 percent of the total
flow at the boundary in the five winter months, 1961-62, but carried 59 percent of

Cthe toral salr load.

Return flow from the Norch Gila Valley Irrigation District during the five-month
period, October 1961-February 1962, was one-half of 1 percent of the total flow ar
the houndary and coneributed only one-third of 1 percent of the total salt load. Diver-
mone tor calendar year 1961 rotaled abour 90,000 acre-feet. The surface drainage

S petaens averaged about 10 cfs, or a total of about 7,200 acre-feet. A few field samples

imicate abuout 1,500 ppm, or two tons of dissolved solids per acre-foot.
Dramage from the South Gila Valley Unit generally represents a significant per-

eentage of the toral drainage discharged into the main stream by projects below
“mperial Dam, and the salt concentration is greater than in the return flow from other
" projects m the area except the Wellton-Mohawk Unit. Operation of the South Gila

$ranage Pump Outler Channels No. 1 and No. 2 began in August 1961 and January
10a2 respeetively. The average return for the January-March period of 1962 has been
abiowt 76 ¢fs with salt concentration about 2,600 ppm, or 3.5 tons of toral dissolved
sobid per acre-foor. During the five-month period shown on the charts the South
Cila contributed 3.3 percent of the fow at the boundary and 4.0 percent of the
sadt o

N doubt there was a large accumulation of salts in the ground water of the
Woellton Viohawk arca prior to the importation of Colorado River warter. The under-
grovwml Tormation is described as a “shoestring” aquifer, abour 50 miles long, 1 to 3
ywiles wade and 100 feer deep. In the Senate hearings on the Mexican Warter Treaty,

Jamwny 1945, pare 2, p. 349, J. R Riter of the United States Bureau of Reclamation

Spesthicd as follows:

A, Riter: “In the Mohawk area there was at one time 20,000 acres irrigated. These
Tasuls were irrigated by diverting the flood waters from the Gila River, which are erratic
moscunence, and only partly irrigated by recovery of ground waters. In 1943, the area
wnpmad in Mohawlk Valley was only 8,000 acres.

Sewter VieTurtand: Righe there, Mr. Riter: You mean by recovery of ground warter,
NINIITE

A Riters Yes, sin
Senatn MeFarkind: That s warer that is 12,000 parts per million?
M. Ruer: Yes, sic”

Wt containing 12,000 ppni, about 16 tons of salt per acre-foor, is roughly four
tings s saliy s the heaviest concentration arriving last winter at Morelos Dam.

By 1935, much of the Wellton-Mohawk land had become waterlogged, and in
tunl the salt content of the ground water was as much as 17,000 ppm in places.
Stepr werd then taken ro provide badly needed drainage. The drainage system, which
hipran b seale operation in February 1961, consists of about 70 wells tapping the
el B ar the bottom of the water-bearing formation and pumping into a lined
dramape channel of 300 cofs capacity which carries the drainage to the mouth of the
GCitla Rover and thenee into the Colorado River and on to Mexico. If, as reported,
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the wells tap only the bottom laver of the aquifer, all excess water applied in irriga-
tion will have to percolate through almost the entre 100-foot depth in order to be
picked up by the pumps and carried out of the valley. Thus in the eyes of some
drainage experts, before the salinity of the W eliton-Mohawlk drainage water could
be decreased to normal levels by this operation, the entire aquifer would have to be
flushed and the entire volume of water freshened. This would [equire many years.
depending upon the volume and toral salt load of the ground water in storage.

Diversion to the Wellton-Mohawk Unit from the Colorado River for calenda:
year 1961 was almost 400,000 acre-feet. During the first 12 months of operation of
the Wellton-Mohawk drain (March 1961 through February 1962) about 175,00¢
acre-feet were returned to the river without much fluctuation in the quality of the
drain water. Most of the individual samples and monthly averages showed betweer
g and 9 tons of total dissolved solids per acre-foot, or about 6,000 to 6,500 ppm
Data available to date do not appear to indicate any downward trend 1n minera
content of the main drain discharge.

Chemical quality of the water from individual drainage wells in the Wellton-
Mohawk covers a wide range. Some are as high as 17,000 ppm, although most are it
the range of 4,800 to 7,200 ppm. (6.5 to 9.8 tons per acre-foot.)

Outflow from the Wellton-Mohawk drainage channel during the five-montl
winter period of 1961-62 was only 19 percent of the total flow at the boundar
but the drain contributed 54 percent of the total salt load. Ourtflow from
the drainage channel averages approximately 300 ¢fs or more than 40 percent 0
the minimum winter delivery schedule of about 700 cfs at Morelos Dam, allowing fo
the pumpage at San Luis nd the waste rerurns from United States projects in th
limitrophe section below Morelos. In October and November of 1961, the actua
flow at the northerly boundary above Morelos averaged about 950 cfs, so that durin
those months the Wellton-Mohawk drainage discharge constituted nearly a thir
of the flow of the river. The following table shows a comparison for each of th
five months, October 1961 through February 1962, of the flow and salt load «
the Wellton-Mohawk drainage channel with the flow and salt load in the river :

the northerly boundary.

Wellton-Mobawk Drain Northerly boundary
Flow Salt Flow Salt
Month (acre-feet) (tomns) (acre-feet)  (toms )
October 1961 . 18,630 158,700 59,270 199,700
November 1961 . 15,480 126,500 57,230 183,700
December 1961 ... 10,690 85,900 §1,720 210,400
January 1962 oo e 19,450 155,400 160,820 381,100
February 1962 e . 16,260 134,500 67,540 226,300

In the preceding summer months the flow of the river had been of sufficic
volume to dilute materially the highly saline discharges of the Wellton-Moha
drainage channel. From March through September the discharge of the drain av:
aged only 7.5 percent of the rotal flow at the boundary, and the salt load abow
third of the total. It was not until che fall and winter months, when the quantity
river water available for dilution was 60-75 percent less than in the summer, tl
the quality at the boundary deteriorated rapidly. The City of Yuma, as previou
mentioned, reacted to the impact of the highly saline discharges more than a ¥
earlier than did the Mexican IrFigators.
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Smee drainage from the Wellton-Mohawk Unit appears to be the principal cause

ol the current problem, a provisional salt balance computation was made for that

area. I oindicates that about 2.9 million acre-feet of Colorado River warter was

diverted to the Wellton-Mohawk Unit between the date of first diversion in 1952

0 and the end of July 1962, That 10%-vear inflow carried in about 3.1 million tons

of salt The salt was carried out in small amounts of return flow via the Gila River

“channed for all the 10% vears and in large amounts by the Wellton-Mohawk drain

~ {or about the last 1% vears. Estimates indicate that the salt output from the Wellton-

Muolawk Unit during the 10%-vear period was about 2.5 million tons. If the salt

o~ Concentration in the drain stays at its current level throughout 1962, it appears that

e total salt output in rerarn flows will equal approximately the toral Colorado
R sale input for the 11-vear period 1952-62, inclusive.

INVESTIGATIONS AND POSSIBLE SOLUTIONS

“On Mareh 16, 1962, the Presidents of the United States and Mexico instructed
‘their representatives on the International Boundary and Water Commission to recom-
guend 1omedial measures for the acute problem that arose during the preceding

winter months. The stated objective was to put remedies into operation within the
- whortest possible time without prejudice to the legal rights of either country.

"~ “I'l United States Commissioner selected an advisory panel of five able and well-

wualilicd soil and water experts, and the Mexican government appointed a similar

panc At the invitation of the United Stares Commissioner, a committee was formed
“ouf two representatives from each of the seven Colorado River Basin states to repre-
senl the basin's mrterests.

Pusibik solutions to the current acute situation have been suggested by various
partw.. tanging from a salt water conversion plant to a method of wasting the
Wellon-Mohawk pump drainage into the desert where it could disappear. The
augpestions most seriously considered include:

b, Installation of additional drainage wells in the VWellton-Mohawlk area making
it possible to pump at 2 lesser rate in winter than at present and a higher rate
m stmmer when more river water is available for dilution;

Constinction of a new conveyance channel that would bypass the Wellton-
Mohaw k drainage to a point on the river below the Mexican diversion struc-
s,

t fnsallation of a tile drainage system beneath the soils of the Wellton-Mohawk

Project and cessation of the deep drainage pumping;

mmd vanons combinations of these three.

Al the considered remedies involve engineering, economic, legal and political com-
phuations which militate against haste in devising a permanent solution to the overall
probilen

I'wpinecring problems include the collection and thorough analysis of consider-
abhv more Acld dara than are now available, the conception of practical physical
plans tor comparison with one another, surveys and acquisition of rights-of-way,
preparation of specifications, designs and cost estimates and execution of the neces-
sty contracts and agreements. Economic problems include the proper allocation
and 1epas mene of the costs of facilities needed and the securing of funds to finance
hot onhy the construction of such facilities but their planning and design.
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Investigations of physical solutions should include consideration of questions sucl
as whether it would be practical from all standpoints to (2) maintain only a seasona
salt balance in the upper zone of the Wellton-Mohawk aquifer, leaving the bulk o
the saline water now in the lower zones virtually undisturbed and unusable, (b) ©
dewarter the entire aquifer and waste the effluent, and later to refill the undergrount
formation with water of better quality as a standy and regulatory reserve, or {c
to freshen all the water in the aquifer gradually from the top down as the Wellton
Mohawk District intended by its present plan of drainage operation, and if so
whether to expand the facilities to accomplish this quickly or to let it conunue g
its present rate.

The legal and political complications are local, regional, national and Internations
in character and scope. Not to be overlooked are the extent and limit of the righ
of the Wellton-Mohawk Irrigation and Drainage District to operate its projec
facilities to best suit its own purposes, and the extent to which such operation as th
District contemplates may be considered fair and reasonable to other interests includ
ing those in Mexico.

The Gila Project and the Wellton-Mohawk Division thereof are under statutor
Jimitations as to the total annual beneficial consumptive use that can be made. Fo
the Gila Project as a whole, the limitation 1s 600,000 acre-feet of net consumptiv
use per annum and for the Wellton-Mohawk Division, 300,000 acre-feet per annun
If the drainage from the Wellton-Mohawk Unit were to be so bypassed that it wr
nor available for use elsewhere in the United States or in Mexico, it presumably coul
not be credited to the District as rerurn flow under the starute or under the decre
proposed by the Special Master in the pending Supreme Coure suit, Arizona
California. Similarly, if the Weliton-Mohawk aquifer were to be first dewatered o
its present highly mineralized content and refilled with berter water in a later periot
the larger diversions during the refilling period would not be offser by the retur
Aow and the net diversions during that period, undoubtedly, would exceed t
statutory limitation.

Representatives of the basin states and the Unired States government are agret
to stand upon the premise that the United States has no legal obligation under t!
Treaty to alleviate the current acute situation, but they also recognize that as a matt
of international comity there may be a moral obligation and that as a practical matr
che United States should do something. The guestion then arises as t whether an
thing can be done without establishing a precedent that would be prejudicial to ¢
rights of the Colorado River Basin states under the Treaty. There are many differe
views, some conflicting, as to whether this can be done.

Officials of the Colorado River Basin states appear to be firmly unanimous in tht
position that whatever offer is made, if any, by the United Srates to help allevi:
the sicuation at the boundary, it should be a part of the agreement with Mexico tl
Mexico itself and the farmers of the Mexicali Valley will undertake proper measul
to improve irrigation and drainage facilides and practices in the Mexicali Valley a
chat remedial actions by the two countries should be concurrent.

United States interests are also unanimous that there should be no violation
modification of the provisions of the 1944 1Vater Treaty. The Mexican governmt
apparently has not asked for modification of the terms of the Treaty. On April
1962, Governor Brown addressed a letter to Secretary of State Rusk urging that

sectlernent should be considered which would involve an increase in the allotment



such
isonal
Jk of
b) to
round
r (¢)
dlron-
if so,
jue at

itional
: right
roject
as the
nchid-

turory
e. For
mpuve
.
it was
7 could
decree
0nd V.
ered of
period,
return
:ed the

agreed
der the
1 matter
| matter
ey anv-
d to the
jifferent

in their
alleviate
gico that
measures
dley and

lation or
Fernment
April 24,
; that no
Hment to

Sanixtry Prosreps—Lower Cororapo River 27

Vicxico and stating that as developments proceed in the United States it will be
mereasingly important that the amounts and deliveries set out in the Mexican Water
I reary be firmly adhered to. Resolutions adopted by several bodies of the basin states
sl comments by state representatives at various times have strongly stated the view
thur nothing should be done which would result in 2 waste of water to the Gulf
ol California not charged to Mexico under the Treaty and thereby becommng an
mlditional burden on the water supply of the Colorado River System. According to
this view any drainage water from the United States projects that might be bypassed
around Morelos Dam by an artificial channel should sull be chargeable to Mexico
m accordance with the Treaty schedules.

baidentdy the United States and Mexican advisory panels have been unable to
aptec upon a solution for the problem at the boundary, or even upon a joint report.
It 1 understood that the Unired States panel has submitted a unilateral report to the
“"8tere Deparement, but the contents of the report have not been made public. It
~appears however that the Secretary of the Interior has been requested to undertake
4 comprehensive and Intensive engineering investigation and study with the objective
ol devising, if possible, a plan of construction and operation of facilities that will
“eficet o permanent solution to the water quality problem at the international bound-
ary acceptable to all affected interests.

In the meantime the United States Commissioner of Reclamartion has announced
that b encroaching to a minor extent on the flood control reservation in Lake NMead
durig the month of April 1962, the Bureau has accumulated abour 280,000 acre-
feer of warer which otherwise would have been wasted and which i1s committed to
un during the winter months of 1962-1963 for much-needed channel control and
rectsication work on the Lower Colorado River. It was also stated that the necessary
hydraulic sluicing and flushing could be co-ordinated with the low delivery schedules
16 Vlexico and thus incidentally serve to dilute, to a usable salt concentiation, the
wintar flows crossing the Mexican boundary. Details as to how this incidental benefit
would be effected have not been furnished.
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POSSIBLE FUTURE CONDITIONS

Water users in the international boundary area are at a distinct disadvantage
because of their geographical location. By nataral process alone, large quantites of
minerals are dissolved and transported along the course of the Colorado River.

It is not unlikely that existing projects and projects now authorized may soon be
utilizing all the available water supply of the Colorado River Basin. Future main-
stream water reaching the Lower Colorado River area will have increased in salinity
through more intensive use and additional pollution. Expert testimony in the pend-
ing Supreme Court suit, Arizona v. California, indicates that under future conditions
of upstream development the salinity of the river at Imperial Dam may get as high
as 1.50 tons per acre-foot and possibly more. Such probability is of serious concern
to all Lower Basin nainstream water users because of the potential necessity of apply-
ing more water or reducing irrigated acreage in order to maintain favorable salt
balance, and because of the provision i the Colorado River Compact that “perfected
rights” shall be “unimpaired.” ‘

The problem of the Wellton-Mohawk Project and that at the Mexican border
could become more aggravared also by the construction of the proposed Central
Arizona Project. The plinned diversion of about 1,200,000 acre-feet from the
Colorado River to the Phoenix area probably would make it necessary to discharge
quantities of salty water down the Gila River. In the 1947 report by the Commis-
sioner of Reclamation on this proposed project it was estimated that if the project
were constructed, the outflow from the project area for salt balance would amount
o 376,000 acre-feet a vear carrying nearly 2,100,000 tons of salt a vear into the
Lower Gila. The computation assumed that Colorado River water diverted into
Central Arizona would carry an average salt load of about 1.1 toms per acre-foot.
Expert testimony in Arizona v. California indicares that the furure load in the Colo-
rado River at the proposed point of diversion for the Central Arizona Project may
be appreciably greater than assumed by the Burean in 1947.

Much consideration should be given to the potential effect on water quality of
any proposed future project to use Colorado River Svstem water.

prinded In CALIFORNIA STATE PRINTING OFFICE
74889 1i-62 1,500
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TRANSMITTAL LETTERS

The Federal Water Pollution Control Act requires that at
least once every three years the states of the Colorado River
Basin review water guality standards relating to the salinity
of the waters of the Colorado River. The states collectively
initiate this review under the aus pices of the Colorado
River Basin Salinity Control Forum and prepare a proposed
report and a supplemental report.

Upon the Forum's adoption of these two reports, they are
transmitted to the individual states for their own
independent action. The following 1is a copy of the
transmittal letter to the State of Arizona. Following
Arizona's transmittal letter is a listing of the recipients

in each of the states of an identical letter.



Colorado River Basin

GOVERNORS
Bruce Bobbitt AZ

Gaorge Deukmejkan, CA

Richard D Lamm, CO
Richard Bryan, NV
Torey Anaya, Nivi
Scott M Mathaeson, UT
Ed Herschior WY

FORUM MEMBERS
Adizona

Wasliay Stelner
Ronaid L Milier
Stewort Udait

Catifomia
Myron B, Holtourt
Walter G Petit
Colerado

Denvid W, Roobins
David H Getches
Robart A Aot

Nevada

Jack L Storehocker
Lemis H Dodgilon
Rolond D Westergard

New Meaxico
Stephen E Reynoids
Utah

Daniegf F Lowencs
Camin K Sucweeks

Wyomning

George L Chistopuics
Willamn f.. Gereanct

EXECUTIVE DIRECIOR
Jaci A Bamett

106 West 500 Scuth, Suiter 101
Bountityl Uiagh BAGAN
FAQ1 ) 202-4047

Honorable Bruce Babbitt
Governor of Arizona
Statehouse

Phoenix, Arizona B5007

Dear Governor Babbitt:

Enclosed is a copy of the report "1984 Review
Water Quality Standards for Salinity, Coclorado River
System", approved on May 1, 1984, by the seven state
Colorado River Basin Salinity Control Forum.

Subsequent to the May approval, tweo regional
public meetings were held to provide an opportunity
for those who so desired to present comments or
suggestions on the proposed report. The meetings
were held on June 25, 1984, in Rock Springs, Wyoming,
and June 27, 1984, in Las Vegas, Nevada. A supple-
ment, including modifications to the report based on
comments and suggestions received, is also enclosed.
The attached supplement was approved by the Forum on
July 25, 1984. The report and the supplement
constitute the 1984 review of the Colorado River
salinity standards.

Section 303(c) (1)} of the Clean Water Act
regquires that:

The Governor of a State or the State
water pollution control agency of such
State shall from time to time (but at
least once each three year period beginning
with the date of enactment of the Federal
Water Pollution Control Act Amendments of
1972) hold public hearings for the purpose
of reviewing applicable water guality
standards and, as appropriate, modifying
and adopting standards. Results of such
review shall be made available to the
Administrator.



Honorable Bruce Babbitt
Page 2

The enclosed report and its supplement recommends
no change in the numeric criteria for salinity but
reflects some changes in the plan of implementation
previously adopted by the Forum. The Forum urges that
each state water control agency adopt the 1984 Review
as appropriate, thus preserving the basin-wide approach
to salinity control developed by the basin states over
the last decade. The Forum urges that your State take
prompt action in adopting this review.

Sincerely,

David Robbins
Chairman

Enclosure

cc: Arizona Forum Members



Identical transmittal letter sent to each of the following:

Honorable George Deukmeijian
Governor of California

State Capitol

Sacramento, California 95814

Honorable Richard D, Lamm
Governor of Colorado
State Capitol

Denver, Colorado 80203

Honorable Richard Bryan
Governor of Nevada

State Capitol

Carson City, Nevada 89701

Honorable Toney Anaya
Governor of New Mexico
State Capitol

Santa Fe, New Mexico 87501

Honorable Scott M, Matheson
Governor of Utah

State Capitol

Salt Lake City, Utah 84114

Honorable E4 Herschler
Governor of Wyoming
State Capitol

Cheyenne, Wyoming 82001



INTRODUCTION

This supplement to the 1984 Review -~ Water Quality
Standards for Salinity contains statements and comments
received hy the Forum and the Forum's response., Statements
and comments were received at public meetings held in Rock
Springs, Wyoming on June 25, 1984, and in Las Vegas, Nevada
on Jia2 27, 1984, Written comments received by June 30, 1984
were also accepted. The supplement also includes the
correction of typographical errors. Each comment or state-

ment received is presented followed by the Forum's response.



STATEMENTS, COMMENTS AND FORUM RESPONSES



STATE OF CALIFOANIA—RESOURCES AGENCY GEORGE DEUKMEJIAN, Governor

DEPARTMENT OF WATER RESOURCES
P.O. Box 6598
LOS ANGELES

0055

JUN 2 7 1984

Colorado River Basin
Salinity Control Forum

106 West 500 South, Suite 101

Bountiful, Utah 84010

Attention: Mr. Jack A. Barnett
Executive Director

As requested in the June 7, 1984, letter to the Department from
the Colorado River Basin Salinity Control Forum, we have
reviewed the "Proposed Report on the 1984 Review -~ Water Quality
Standards for Salinity Ceolorado River System". We find the
report to be comprehensive and informative.

We support the Forum's plan of retaining the salinity numeric
criteria, and continuing to use them during the next three-year
period. These numeric criteria consist of total dissolved
solids concentrations for the Colorado River of:

Below Hoover Dam 723 mg/L
Below Parker Dam 747 mg/L
Imperial Dam 879 mg/L

Concerning the LaVerkin Springs Unit (page 47) and the diversion
of saline waters from these springs into evaporation ponds, we
guestion the use of clay liners. Because of the potential for
base exchange between saline waters and clays, the integrity of
the liners could be threatened. Therefore careful consideration
should be given to selecting the appropriate type of liner
material to mitigate this potential problen.

For further information, you may wish to contact Sanford L.
Werner at (213) 620-4836.

Sincerely,

(/ﬁ)@u&/f
giédck J. Coe, Chief

" Southern District



RESPONSH

As statal in the report, alditioaal studies wece made to
evaluate clay lining in the LaVerkin Springs Jnit. Those
studies considered all aspects of pond lining, however, it
was Eound that tha use of clay linecs oc membraae liners did
make the unit cost-effective. Therafoce, Ffurther lInvestiga-
tion of the LaVerkin Springs Salinity Control Unit has bean

discontinued at this time,



COMMENT FROM DR, LARRY PAULSON, PROFESSOR,
UNIVERSITY OF NEVADA LAS VEGAS

Dr., Paulson suggested that the Forum include in the
supplement a comparison of the salinity projections made in
1972 with the salinity concentrations measured in the lower

main stem subsequent to 13872,

RESPONSE

Such comparison and analyses are reqularly being made by
the Forum and the Bureau of Reclamation. As a result,
continuous refinements are being made in the assumptions,
data base, simulation system, and salinity projections.
During the 1978 Review, the Forum recognized that measured
salinity concentrations were not following the earlier pro-
jections. The Forum addressed this question in the 1978
Review and in more detail in the 19%81 Review. Early indica-
tions were that the salt load entering the river was over-
estimated, In the 1981 Review, the Forum evaluated the
inflow to Lake Powell, inflow from Lees Ferry to Grand
Canyon, salt gain or loss in Lake Powell, and bank storage in
Lake Powell, Based on the above evaluation, the salt load
estimate was revised for the salinity projections used in the
1981 Review. The Forum continued this process for the 1984
Review and again revised its salinity projections. Research

and evaluation is continuing by the Forum and Reclamation to

10



develop a higher level of confidence in thue simulation system
and resulting projections. Bureau of Reclamation Commis-—
sioner Robert Olson's statement describes the recent research
activitias of that agency.

aecause of the ongoing process, a comparison of the
salinity projections made in 1972 with the salinity
concentrations measured in the lower main stem subsequent to

1972 would be of relatively little value.

11



COMMENT

It was brought to the Forum's attention that the 1977
"Policy for Implementation of Colorado River Salinity
Standards Through the NPDES Permit Program" and the 1980
"Policy for Use of Brackish and/or Saline Waters for
Industrial Purposes" are included only by reference in the
1984 Review. It was suggested that, for the convenience of
each state in its review process, and those persons who do
not have copies of the earlier three year reviews that the

above policies be included in this supplement.

RESPONSES
The Forum agrees. The policies are included in this

supplement.

12



ADDITIONAL STATEMENTS

A number of agencies submitted statements supporting the
report and made no recommendations for changes. The agencies
are: Imperial Irrigation District, San Diego County Water
Authority, Palo Verde Irrigation District, Coachella Valley
Water District, The Metropolitan Water District of Southern
California, Los Angeles Department of Water and Power,
Colorado River Board of California, Bureau of Reclamation,
Soil Conservation Service, and the International Boundary and

Water Commission.

13



TELEPHONE 619339 8200

MPERIAL THRIGATION DIoTRICT

OPERATING HEADQUARTERS . IMPERIAL, CALIFORNIA 92251

11DGM

June 20, 1984

Mr. Jack A. Barnett
Colorado River Basin Salinity

Control Forum
106 West 500 South, Suite 101
Bountiful, UT 84010

Dear Mr. Barnett:

Imperial Irrigation District, being one of the major beneficiaries
of salinity control and being subject to damages due to adverse
effects of salinity, is in full support of the Colorado River Basin
Salinity Control Forum in its efforts to control salinity in the
Lower Colorado River region.

The Department of the Interior and Department of Agriculture projects
which are designed to maintain the numeric salinity criteria in the
Lower Colorado River should be carried out expediently, particularly
the completion of construction of Paradox Valley and Grand Valley
Salinity Control Units.

To summarize, we have examined the proposed report on the *1984
Review - Water Quality Standards for Salinity - Colorado River

System" and agree with its content. This District is eager fo see
the various facets of these criteria maintained.

Yours truly,

CHARLES L. {HEEVES

General Manager

14



San Diego County Water Authority

0750 Fourth Avenue, San Diego, California 92103 (619) 297-3218 Roy W Lessard, Chasrman
Nai L Eggerl Vice Chairman
{A Public Agency Organized June § 1944) Francesca M Kraue! Secretary

Lawrence R Michaels, Genesal Manager
and Chiel Engineer
June 20, 1984 Paui D Engstrand General Counsel

Mr, Jack A. Barnett

Executive Director

Colorado River Basin Salinity
Control Forum

106 West 500 South, Suilte 101

Bountiful, Utah 84010

Dear Mr. Barnett:

The San Diego County Water Authority agrees with the recommendations of
the Forum as described in its proposed report on the "1984 Review-Water
Quality Standards for Salinity, Coleorado River System”. We see no reason to
recommend changes in the numeric salinity criteria for the "Below Hoover Dam”,
"Relow Parker Dam”, and “Imperial Dan" stations.

We concur that the described plan of implementation should be carried out,
especlally the completion of comstruction of the Paradox Valley and Grand
Valley Units listed in Section 202, Title II of Public Law 93-320. Further,
we believe that work should proceed with the other Departments of the Interior
and Agriculture projects described in the plan of implementation.

Please have this letter introduced im the hearing scheduled for Wednesday,
June 27, 1984 in Las Vegas.

Very truly yours,

Lawrence R. Michaels
General Manager and Chief Engineer

LRM: jmr
MEMBER AGENCIES
CITIES {RRIGATION DISTRICTS COUNTY WATER DISTRICT MUNICIPAL WATER DISTRICTS

«Del Mar  =Nationai Cily *Poway sSanta Fe  *South Bay »San Marcos -{B:uenn:oilorado ‘:ambaw
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Escondido +Oceanside +San Dieg PUBLIC UTHLITY DISTRICT =D Luz Heights *Aincon de! Diablo
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WAfr?equixms-ET;STs 15 «Padre Dam *Yuima
MILITARY RESERVATION
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120,500 ACRES LOCATED ALONG COLORADQO RIVER

PALO VERDE IRRIGATION DISTRICT

Mailing Address
P.0. Box 1199
Blythe, California 92226

Office Address
180 West 14th Avenue
Blythe, California

Telephone {714) 922-3144

June 20, 1984

Mr. Jack A. Barnett, Executive Director
Colorado River Basin
Salinity Control Forum
106 West 500 South, Suite 100
Bountiful UT 84010

we

Dear Mr. 1t 2

The Palo Verde Irrigation District concurs with the
1984 Review and recommended revisions of the "Water
Quality Standards for Salinity - Colorado River System®,
May 1984, as prepared by the Colorado River Basin Salinity

Control Forum.

Yours very truly,
PALO VERDE IRRIGATION DISTRICT

Virgil L. Jones

VLJ/elc

16



ESTABLISHED IN 1918 AS A PUBLIC AGENCY

COACHELLA VALLEY WATER DISTRICT

POST OFFICE BOX 1058 + COACHELLA, CALIFORNIA 92936 = TELEPHONE (714} 398-265)

DIRECTORS OFFIGERS

AAYMOND R, RUMMONDS, PRESIOENT LOWELL D WEEKS. GENERAL MANAGER—CHIEF ENGINEER
BEANARDINE SUTTON. SECRETARY

TELLIS CODEKAS, VIGE PRESIDENT

JOHN P POWELL VIGTOR B. HARDY, AUDITOR

PAUL W. NIGHDLS REDWINE AND SHERRILL. ATTORNEYS

STEVED BUXTON June 18, 1984

Jack A. Barmett

Executive Director

Colorado River Basin Salinity Control Forum
106 West 500 South, Suite 101

Bountiful, Utah 84010

Dear Mr. Barnett:

Subject: 1984 Review of Water Quality Standards
of Salinity for the Colorado River System

The Coachella Valley Water District concurs with the seven state Colorado
River Basin Salinity Control Forum's findings, particularly with regard to
the numeric salinity criteria and plan of implementation for salinity
control for the Colorade River system. We see no reason to recommend
changes in the numeric salinity criteria.

The plan of implementation is endorsed by this District.

Yours very truly,

SO

Lowell G. Weéis
General Manager~Chief Engineer

LOW:bas

17
TRUE CONSERVATION
USE WATER WISELY



The Metropolitan Water District of Southern California

Office of the General Manager June 18 ; 1984

Mr. Jack A. Barnett

Executive Director

Colorado River Basin Salinity
Control Forum

106 West 500 South, Suite 101

Bountiful, Utah 84010

Dear Mr. Barnett:

Report on the
1984 Review of the Colorado River Salinity
Standards and Implementation Plan

We have reviewed the proposed report on the 1984
Review of the Colorado River salinity standards and imple~
mentation plan. The Metropolitan Water District of Southern
California wishes to commend the Colorado River Basin Salinity
Contrecl Forum on its continuing efforts regarding salinity
control. The Forum's efforts in maintaining interstate
cooperation and support for the program, and its overall
coordination and ongoing monitoring of salinity changes and
program effectiveness are also to be commended.

The District is pleased to see that more attention
is being given to control of the largest man-made source,
irrigated agriculture. The on-£farm salinity control measures
appear to be one of the most cost-effective means of maintaining

the numeric criteria.

The Metropolitan Water District appreciates this
opportunity to comment on the Forum's 1984 Review report.
We endorse the report and its recommendations for the salinity
standards and the plan of implementation, and we urge their
adoption by each of the concerned states.

Very truly yours
/ 4

fé%’ j C§B?é@%2 'éZfCif/
Carl BdTonkay

General Manager

MBH/ub

1111 Sunset Boulevard, Los Angeles, Calif, / Mailing address: Box 5415]?:,81.05 Angeles, Calif. 90054 / Telephone: {213) 250-6000



Department of Water and Power the City of Los Angeles

TOM BRADLEY Commission
Mayos JACK W LLEENEY. Presiden!
RICARDG R. GUTIERREZ. Vice President PAUL H. LANE, General Manager and Chief Engineer
JOHN J, GUARRERA NORMAN E. NICHOLS. Chief Elecirical Engineer and Assisiani Manager
SARA C. STIVELMAN DUANE L. GEORGESON. Chief Engineer of Water Works and Assistant Manager
CAROL WHEELER NORMAN J POWERS Chief Financial Qfficer

JUDITH K DAVISON. Secrerary

June 25, 1984

Mr., Jack A. Barnett

Executive Director

Colorado River Basin Salinity
Control Forum

106 West 500 South, Suite 101

Bountiful, Utah 84010

Dear Mr, Barnett:
Proposed Report on the 1984 Review -

Water Quality Standards for Salinity
Colorado River System

This is in response to the June 7, 1984 invitation by
the California members of the Colorado River Basin Salinity Control
Forum to make comments and suggestions on the above titled report.
We are in general agreement with all points covered in the report
and support the report's recommendations.

Of particular importance are the recommendations to
expedite completion of two salinity control units, the Paradox
Valley and Grand Valley Units, authorized by Section 202, Title II,
of Public Law 93-320, the Coloradco River Basin Salinity Control Act.
In addition, we support the implementation of the Department of the
Interior and Department of Agriculture salinity control projects
described in the plan of implementation. We believe these salinity
control units are essential in minimizing the salinity of the
Colorado River and in making a better quality water available for
delivery to the City of Los Angeles and other users of Metropolitan
Water District's water supply in the future.

We appreciate the opportunity to review and comment upon
the report.

Sincerely,
J_/,.auct-u!l (ﬁ/&f’w zefm&,ﬁb
DUANE I,. GEORGESON

Assistant General Manager - Water

cc:  Vernon E, Valantine
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RESOCLUTION
of
COLORADO RIVER BOARD OF CALIFORNIA
in Support of the
1984 Review, Water Quality Standards for Salinity,

Colorado River System

WHEREAS, the salinity of the Colorado River is of great con-
cern to the nearly thirteen million people in California who rely
in full or in part on water from the river and to those who farm
over 650,000 acres of irrigated lands; and

WHEREAS, water guality standards for salinity, including
numeric criteria and a plan of implementation, were established by
the seven-state Colorado River Basin Salinity Control Forum in
1975, adopted by the seven Basin states, and approved by the
Environmental Protection Agency as a basinwide approach to
controlling salinity in the Colorado River; and

WHEREAS, Section 303 of the Clean Water Act of 1977 reguires
that the water guality standards be reviewed from time to time, but
at least once during each 3-year period; and

WHEREAS, pursuant to Section 303 of the Clean Water Act,
reviews of the Colorado River water guality standards for salinity
were conducted in 1978 and 1981, wherein it was found that the 1975
numeric criteria were still appropriate and wherein the plan of
implementation was reviewed and modified to accommodate changes;
and

WHEREAS, the proposed Colorado River Salinity Control Forum's
1984 review of the water guality standards for salinity recommends
that no changes be made in the 1975 numeric criteria but that the
plan of implementation be modified to reflect changes since 1981;
and

WHEREAS, there is no reason to believe that the numeric
criteria will be exceeded during the next 3-year review period;

NOW, THEREFORE, BE IT RESOLVED that the Colorado River Board
of California fully supports the proposed 1984 Review, Water
Quality Standards for Salinity, Colorado River System.

Unanimously adopted June 13, 1984
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State of California
58

T St S

County of Los Angeles

I, DENNIS B. UNDERWOOD, Executive Secretary of the
Colorado River Board of California, do hereby certify
that the foregoing is a true copy of a resolution adopted
by said Board at a Regular Meeting thereof, duly convened
and held in Los Angeles, California, on the 13th day of
June 1984, at which a gquorum of said Board was present
and acting throughout.

Dated this 13th day of June 1984.

st
DENNIS B. UNDERWOOD
Executive Secretary
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STATEMENT ON BEHALF OF ROBERT L. OLSON, ACTING COMMISSIONER,
BUREAU OF RECLAMATION, FOR PRESENTATION BEFORE THE PUBLIC MEETING
RELATING T0 THE PROPOSED 1984 REVIEW ~ WATER QUALITY STANDARDS FOR
SALINITY IN THE COLORADO RIVER SYSTEM - ROCK SPRINGS, WYOMING,
JUNE 25, 1984, AND LAS VEGAS, NEVADA, JUNE 27, 1984.

Colorado River salinity standards are of special importance to the
Department of the Interior and the Bureau of Reclamation. WHe are
charged with planning and constructing many of the principal
physical components of the plan of implementation to maintain the
adopted standards for the Colorado River System. Thus, the
standards have a direct bearing on Reclamation’s particular share
of responsibilities associated with development and aanagement of
the water resources of the Colorado River Basin.

The Bureau of Reclamation endorsed the salinity standards proposed
by the Colorado River Basin Salinity Control Forum, adopted by the
Basin States, and approved by the Environmental Protection Agency
in 1975, HWHe have been continuously kept informed of the progress
of the Forum during the current review of the water quality
standards. We appreciate having had the opportunity to work with
the Forum in this= endeavor.

He believe the Forum’'s approach of conzidering the total basin as
a single operating entity is the most logical and workable method
to meet the overall objective of maintaining salinity levels in
the lower main stem at or below 1572 levels, while water resource
developrment continues throughout the Basin. Our own independent
analyses support the Forum‘s conclusion that salinity levels at.
the three numeric criteria stations will not exceed the 1975
criteria (i.e., 1972 salinity levels) or the proposed 1984
criteria during the next 3 years. In the long tera, the Forum
salinity projections appear reasonable for the assumptions made.

A one-year Reclamation study to determine long-term trends and
salinity streamflow relationships was completed in 1984. The
effect of construction of major reservoirs on ion concentration
was evaluated, and a theoretical model for describing ion
concentration/streamfiow relationships was developed and tested.
This study demonstrated that there appears to be no major long
term trends in the total salt load of the system, but rather that
the apparent shifts are related to time delays in the reservoir

systen.

Another research study performed under contract to Reclamation
involved development of a two-dimensional research model to
predict changes in temperature and saliinity concentrations, and
associated salt precipitation in Lake Powell and Lake Mead. This
model will increase the reliability of long~range salinity
projections. This study showed that the maximum amount of salt
precipitation that may be expected in Lakes Powell and Mead is on
the order of 50,000 tons, or less than 1 percent of the

throughput.
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Reclamation activities associated with the plan of implementation
for meeting Colorado River salinity standards include the
construction of two authorized projects, feasibility studies
leading to possible authorization and construction of 10
additional salinity control units, advance planning on the
authorized Las Vegas Wash Unit, and steps to encourage beneficial
industrial use of saline and/or brackish waters.

We are making significant progress on construction of the Grand
Valley salinity control unit. Construction of Stage One 1is
substantially complete. Monitoring continues on the Stage One
laterals for flow fluctuations and associated operational
problems. The moss and debris removal structure was installed in
1983, approximately cne year ahead of schedule. Monitoring of the
Stage One area has shown a reduction in salt load for 1983 of
15,600 tons, of which 14,200 was related to the canal and lateral
lining and 1,400 tons to the USDA onfarm program. A recommended
plan has been identified in the Stage Two draft supplement to the
Definite Plan Report. This plan would reduce salinity
concentration at Imperial Dam by 14.6 mg/L and result in an

. overall cost-effectiveness of $766,000 per mg/L reduction at
Imperial Dam. The draft Environmental Statement is scheduled for

completion in mid-1985.

Paradox Valley salinity control unit has suffered delays in
developing the deep well injection plan. Information obtained by
the deep well drilling consultant resulted in a decision not to
attempt rehabilitation of the abandoned Conoco Hell in Paradox
Valley. This change necessitated revising the deep well drilling
specifications and delayed the contract award until early in 1985.

In the Las Vegas Wash Unit, a contract was awarded to construct
the 3.5 mile Pittman bypass pipeline with the completion date
establizhed for November 28, 1984, Pending verxification, it
appears a cost-effective strategy using ground water barriers in
other areas of the Wash may be viable for further reductions. A
verification effort has been proposed to test the ground water
barrier concept with a monitoring program to assess results.

In recent years, feasibility investigations under the Colorado
River Water Quality Improvement Program have been continuing
essentially on schedule. Advance planning studies are in progress
on the Lower Gunniscn Basin Unit, under the two-stage planning
process, and an advance planning study is planned for the Big
Sandy River Unit in FY B85. Advance planning can begin on three
others when funding becomes available. Recommendations have been
made to suspend studies on the LaVerkin Springs Unit studies
because of limited salinity control opportunity and high costs.
The Glenwood-Dotserc Springs Unit studies are nearing completion
and further studies will begin when an industrial use option 1is

identified.
The Saline Water Use and Disposal Opportunities Unit involves the
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study of Aquatrain, a proposed pipeline system to divert water
from saline point and diffuse sources to industrial uses and to
transport coal and other products from mines to points of use.
Also, a saline water cooling system verification program is being
programed for FY 1985, Saline water cooling system technology
will be tested at an existing powerplant. This appears to be the
most cost-effective way to verify the use of saline water to
provide salinity control benefits and to address industries’
concerng regarding equipment reliability.

In summary, we believe the Proposed 1984 Review - Hater Quality
Standards for Salinity, Colorado River System, which confirms the
numeric criteria and updates the plan of implementation for
salinity control, 1s an excellent review of the established
standards. We concur in the adequacy of the numeric criteria for
the next 3 years and in the plan of implementation. We look
forward to continued close cooperation with the Forum, the Basin
States, and Federal agencies in implementing the control program.

24



ey United States Soil P.O Box 2890

4

) Department of Conservation Washington, D.C.

X Agriculture Service : 20013
Mr. Jack Barnett JUN o
Executive Director h%94

Colorade River Basin
Salinity Control Forum

106 West 500 South, Suite 101

Bountiful, Utah 84010

Dear Mr. Barnett:

On behalf of the Department of Agriculture (USDA), we have reviewed
the report on the 1984 Review of Water Quality Standards for Salimity,
Colorado River System. The document is comprehensive and well

prepared.

We concur with the recommendations in the proposed implementation plan
to accelerate the more cost-effective USDA onfarm salinity control
projects. Our recent legislative and budget initlatives have been
directed toward that objective.

USDA recognizes the short—term beneficial impacts of high runoff
excessive flow conditions on reducing salinity concentrations, but
hasten to advise that total salt loadings have most probably increased.

The potential for severe long-term impacts and increasing salinity
levels remain almost inevitable without upstream salinity control
ef forts.

We appreciate the Forum's legislative initlative to expand PL-93-320
and the efforts to accelerate salinity control throughout the Colorado
River Basin. '

Sincerely,

<
EDGAR H.‘NELSON

USDA Salinity Control Liaison
Office

ccs

Mr., David Robbins, Chairman, CRBSC Forum
Mr. Ernie Weber, Chairman, Forum Work Group

The Soit Consarvation Service 25 WO-AS-1
is an agency of the 10-79
U Department of Agriculture



INTERNATIONAL BOUNDARY AND WATER COMMISSION

UNITED STATES AND MEXICO

IBWC BUILDING
OFFICE OF THE COMMISSIONER 110RIG BRAVO
ON .
UMITED STATES SECTION ELPASO. TEXAS 79902

JUN 2 9 1984

Mr. Jack A. Barnett
Executive Director

Colorado River Basin
Salinity Control Forum

106 West 500 South, Suite 101
Bourtiful, Utah 8LO10

Dear Jack:

Thank you for your letter of Jume 11, 198k enclosing a copy of the
proposed report on the "1984 Review of Water Quality Standards for Salinity
Colorado River System" prepered by the Colorado River Basin Salinlty Control
Forum pursuant to P.L. 92-500.

We note in the 1984 review that the Forum finds no reason to recommend
changes 1in the numeric salinlty criteris at the three lower msin stem statlons
and that there 1s no reason to helieve that the numeric criteris will be
exceeded durlng the next 3-year review perilod.

I appreciate the good work of the Forum and commend you on the excellent
report.

Sincerely yours,

J.F. iedkin
Co sgloner
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MODIFICATIONS

On the basis of statements made at the regional public
meetings held in Rock Springs, Wyoming, on June 25, 1984, and
Las Vegas, Nevada, on June 27, 1984, and on written comments
dated June 30, 1984 or before; and to correct minor errors,
the following modifications to the "1984 Review - Water
Quality Standards for BSalinity, Colorado River System" were
approved by the Colorado River Basin Salinity Control Forum

on July 25, 1984,
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Page 14, Figure 2: Bottom scale on graph should read

"Calendar Year" rather than "FPiscal Year".

Page 27, 2nd paragraph under Temporary Increases: The

o e - o im AR A o R T

sentence should read: "The salinity control plan is designed
to keep any temporary increases above the numeric criteria to
a minimum as well as reduce the duration of such temporary
increases”.

Attached are: 1) "Policy for Implementation of Colorado

River Salinity Standards Through the NPDES Permit Program"®,
1977 and; 2) Policy for Use of Brackish and/or Saline Waters

for Industrial Purposes", 1980.
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Policy for Implementation of Colorado River Salinity
Standards Through the WPDRES Permit Program

Prepared by
The Colorado River Rasin Salinity Ceontrol Forum

February 28, 1977

Tn November 1975, the United States ®Eavironmeutal
Protection Agency Regional Administrators notified each of
the seven Colorado River Basin states of the approval of the
water quality standards for salinity for the Colorado River
System as contained in the document e?titled "Proposed Water
Quality Standards for Salinity Including Numeric Criteria and
Plan of Implementation for 3alinity Control, Colorado River
System, June 1975," and the supplement dated August 25, 1975.
The salinity standards including numeric criteria and a plan
of implementation provide for a flow weighted average annual
numeric criteria for three stations in the lower main stem of
the Colorado River: below Hoover Dam,. below Parker Dam, and
at Imperial Dam.

The Plan of Implementation is comprised of a number of
Federal and non-Federal projects and measures to maintain the
flow-weighted average annual salinity in the Lower Colorado
River at or below numeric criteria at the three stations as
the Upper and Lower Basin states continue to develop their
compact-apportioned waters. One of the components of the

Plan consists of the placing of effluent limitations, through



the National Pollutant Discharge Elimination System (NPDES)

permit program, on industrial and municipal discharges,

The purpose of this policy is to provide more detailed
guidance in the application of salinity standards developed
pursuant to Section 303 and through the NPDES permitting
authority in the regulation of municipal and industrial
sources. (See Section 402 of the Federal Water Pollution
Control Act.) This policy is applicable to discharges that
would have an impact, either direct or indirect on the lower
main stem of the Colorado River System. The lower main stem
is defined as that portion of the main river from Hoover Dam
to Imperial Dam, H
I, Industrial Sources

The Salinity Standards state that "the objective for
discharges shall be a no-salt return policy whenever
practicable.” This is the policy that shall be followed
in issuing NPDES discharge permits for all new
industrial sources, and upon the reissuance of permits
for all existing industrial sources, except as provided
herein. The following addresses those cases where no-
discharge of salt may be deemed not to be practicable.

A. WNew Construction

1. NWew construction is defined as any facility from
which a discharge may occur, the construction of
which is commenced after October 18, 1975.

(Date of submittal of water guality standards

-



as regquired by 40 CFR 120, December 11, 1974.)

Appendix A provides guidance on new construction

determination.

a.

The permitting authority may permit the dis-

charge of salt upon a satisfactory demon-

stration by the permittee that it is not

practicable to prevent the discharge of all

salt from proposed new construction.

The demonstration by the applicant must

include information on the following factors

relating to the potential discharge:

{1)

(2)

(3)

(4)

Description of the proposed new con=-

struction.

Description of the guantity and

salinity of the water supply.

Description of water rights, including

diversions and consumptive use

quantities,

Altevnative plans that could reduce or

eliminate salt discharge. Alternative

plans shall include:

{a) DNescription of aliernative water
supplies, including provisions for
water reuse, if any.

(b Description of guantity and

quality of proposed discharge.



(5)

(8)

(¢) Description of how salts removed
from discharges shall be disposed
of to prevent such salts from
entering surface waters or ground
water aquifers,

(d)y Costs of alternative plans in
dollars per ton of salt removed.

Of the alternatives, a statement as to

the ore plan for reduction of saltdis~

charge that the applicant recommends be
adopted.

Such other information pertinent to

demonstration of non-practicability as

the permitting authority may deem

necessary.

In determining what permit conditions shall

be required, the permit issuing authority

shall consider, but not be limited to the

following:

(1)

(2)

The practicability of achieving no

discharge of salt,

Where no discharge is determined not to

be practicable:

(a) The impact of the total proposed
salt discharge of each alternative
on the lower main stem in terms of
both tons per year and concentra-

tion.

-



(b} Costs per ton of salt removed from
the discharge for each plan alter-
native,

{(c} Capability of minimizing salinity
discharge.

{(3) With regard to both points, one and two
above, the compatibility of state water
laws with either the complete elimina-
tion of a salt discharge or any plan
for minimizing a salt discharge,

(4) The no-salt discharge reguirement may
be waived in those cases where the salt
load reaching the main stem of the
Colorado River is less than one ton pev
day or 350 tons per year, whichever is
less., ®valuation will be made on a

case-by-case basis.

B. Existing Facilities

1,

The permitting authority may permit the dis-
charge of salt upon a satisfactory demonstration
by the permittee that it is not practicable to
prevent the discharge of all salt from an
existing facility.

The demonstration by the applicant must include
information, in addition to that required under
Section I, A, 1, b; the following factors

relating to the potential discharge:

-5



II.

(a} Existing tonnage of salt discharged and
volume of effluent.

{b) Cost of modifying existing industrial plant
to provide for no salt discharge.

(¢} Cost of salt minimization.

3. In determining what permit conditions shall be
required, the permit issuing authority shall
consider the items presented under I, a, 1, c¢
(2), and in addition; the annual costs of plant
modification in terms of dollars per ton of salt
removed for:

a) No salt return.
b) Minimizing salt return.

4, The no-salt discharge requirement may be waived
in those cases where the salt load reaching the
main stem of the Colorado River is less than one
ton per day or 350 tons per year, whichever is
less., Evaluation will be made on a case-by-case
basis.

Municipal Discharges

The basic policy is that a reasonable increase in
salinity shall be established for municipal discharges
to any portion of the Colorado River stream system that
has an impact on the lower main stem. The incremental
increase in salinity shall be 400 mg/1l or less, which is

considered to be a reasonable incremental increase above



the flow weighted average salinity of the intake water

supply.

AI

The permitting authority may permit a discharge in
excess of the 400 mg/l incremental increase at the
rime of issuance or reissuance of a NPDES discharge
permit, upon satisfactory demonstration by the per-
mittee that it is not practicable to attain the 400
mg/l limit,

Demonstration by the applicant must include informa-

tion on the following factors relating to the

potential discharge:

1. Description of the municipal entity and facili=
ties.

2. Description of the gquantity and salinity of
intake water sources,

3. Description of significant salt sources of the
municipal wastewater collection system, and
jdentification of entities responsible for each
source, if available.

4. Description of water rights, including
diversions and consumptive use quantities.

5. Description of the wastewater discharge,
covering location, receiving waters, quantity,
salt load, and salinity.

6. Alternative plans for minimizing salt contribu~-
tion from the municipal discharge. Alternative

plans should include:

iy



(a) Description of system salt sources and
alternative means of control,

(b) Cost of alternative plans in dollars per
ton, of salt removed from discharge.

7. Such other information pertinent to demonstra-
tion of non-practicability as the permitting
authority may deem necessary.

In determining what permit conditions shall be

required, the permit issuing authority shall

consider the following criteria including, but not
limited to:

l. The practicability of achieving the 400 mg/1
incremental increase.

2. Where the 400 mg/l incremental increase is not
determined to be practicable:

{(a) The impact of the proposed salt input of
each alternative on the lower main stem in
terms of tons per year and concentration.

(b) Costs per ton of salt removed from
discharge of each alternative plan.

(c) Capability of minimizing the salt
discharge.

If, in the opinion of the permitting authority, the

data base for the municipal waste discharger is

inadequate, the permit will contain the requirement
that the municipal waste discharger monitor the
water supply and the wastewater dischahrge for

salinity.

-8-




Ssuch monitoring program shall be completed within 2
years and the discharger shall then present the
information as specified above.

Requirements for establishing incremental increases
may be waived in those cases where the incremental
salt load reaching the main stem of the Colorado
River is less than one ton per day or 350 tons per
year, whichever is less. Evaluation ill be made on
a case-by-case basis.

all new and reissued NPDES permits for all municipa-
1ities shall require monitoring of the salinity of
the intake water supply and the wastewater treatment

plant effluent in accordance with the following

guidelines:

Treatment Plant Monitoring Type of

Design Capacity Frequency Sample
<1.0 MGD Quarterly Discrete
1.0 -~ 5.0 MGD Monthly Composite

>5.0 - 50.0 MGD Weekly Composite
50.0 MGD Daily Composite

1. Analysis for salinity may be either as total

dissolved solids (TDS) or by electrical
conductivity where a satisfactory correlation
with TDS has been established. The correlation
should be based on a minimum of five different

samples.



2. Monitoring of the intake water supply may be at
a reduced fregquency where the salinity of the

water supply is relatively uniform.
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APPENDIX A

GUIDANCE ON NEW CONSTRUCTION DETERMINATION

For purposes of determining a new construction, a source

should be considered new if by October 18, 1975, there has

not been:

(1)

(2)

(3)

(4}

gignificant site preparation work such as major
clearing or excavation; and/or

Placement, assembly, or installation of unigue
facilities or equipment at the premises where such
facilities or equipment will be used; and/or

Any contractual obligation to purchase unigue
facilities or equipment. Facilities and equipment
shall include only the major items listed below,
provided that the value of such items represents a
substantial commitment to construct the facility:
{a) structures; oOx

(b) structural materials; or

(c} machinery; or

(d) process equipment; or

(e) construction equipment,
Contractural obligation with a firm to design,
engineer, and erect a completed facility (i.e., a

turnkey plant).
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policy for Use of Brackish and/or
galine Waters for Industrial Purposes

by

The Colorado River Basin Salinity Control Forum
September 11, 1980

The States of the Colorado River Basin, the federal
Executive Department, and the Congress have all adopted as a
policy that the salinity in the lower mainstem of the
Colorado River shall be maintained at or below the flow-
weighted average values found during 1972 while the Basin
states continue to develop their compact~apportioned waters.
Tn order to achieve this policy, all steps which are
practical and within the framework of the administration of
states' water rights must be taken to reduce the salt load of
the river.. One such step was the adoption in 1975 by the
Forum of a policy regarding effluent limitations for
industrial discharges with the objective of no-salt return
wherever practicable. Another step was the Forum's adoption
in 1977 of the "Policy for Implementation of Colorado River
Salinity Standards through NPDES Permit Program." These
policies are part of the basinwide plan of implementation for
salinity control which has been adopted by the seven Basin
states.

mhe Forum finds that the objective of maintaining 1972
salinity levels would be served by the exercise of all
feasible measures including, wherever practicable, the use of

brackish and/or saline waters for industrial purposes.
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The summary and on page 32 of the Forum's 1978 Revision
of the Water Quality Standards for Salinity states "The plan
also contemplates the use of saline water for industrial
purposes whenever practicable, ..." 1In order to implement
this concept, and thereby further extend the Forum's basic
salinity policies, the Colorado River Basin states support
the Water and Power Resources Service appraisal study of
saline water collection, pretreatment and potential
industrial use.

The Colorado River Basin contains large energy
resources, which are in the early stages of development. The
WPRS study should investigate the technical and financial
feasibility of serving as significant portion of the water
requirements of the energy industry and any other industries
by the use of Basin brackish and/or saline waters. The Forum
recommends that:

1) The Colorado River Basin states, working with
federal agencies, identify, locate and quantify such brackish
and/or saline water sources,

2} Information on the availability of these waters be
made available to all potential use?s.

3) Each state encourage and promote the use of such
brackish and/or saline waters, except where it would not be
environmentally sound or economically feasible or would
significantly increase consumptive use of Colorado River

System water in that State above that which would otherwise

occur,




4) The U.5. Water and Power Resources Service with the
assistance of the States encourage and promote the use of
brackish return flows from federal irrigation projects in
lieu of fresh water sources except where it would not be
environmentally sound or economically feasible or would
significantly increase consumptive use of Colorado River
System water,

5) The U.S. Water and Power Resources Service consider
a federal contribution to the cost of industrial use of
brackish and/or saline water where cost effective as a joint
private-government salinity control measure, Such activities
shall not delay the implementation of the salinity control

projects identified in Title II of P.L. 93-320.





